Abstract. It has been proposed that magnetic activity could be enhanced due to interactions between close-in massive planets and their host stars. In this article, I present a brief overview of the connection between stellar magnetic activity and exoplanets. Stellar activity can be probed in chromospheric lines, coronal emission, surface spot coverage, etc. Since these are manifestations of stellar magnetism, these measurements are often used as proxies for the magnetic field of stars. Here, instead of focusing on the magnetic proxies, I overview some recent results of magnetic field measurements using spectropolarimetric observations. Firstly, I discuss the general trends found between large-scale magnetism, stellar rotation, and coronal emission and show that magnetism seems to be correlated to the internal structure of the star. Secondly, I overview some works that show evidence that exoplanets could (or not) act as to enhance the activity of their host stars.
Introduction
Stellar activity can manifest itself in the form of, e.g., surface spot coverage, emissions from the chromosphere, transition region and corona [e.g., 1, 2] . These manifestations are all indicators of magnetic activity and are, therefore, often used as proxies for stellar magnetism. As stellar magnetism is responsible for driving stellar winds, flares and coronal mass ejections, stellar magnetic fields are the main driver of space weather on (exo)planets. Therefore, understanding the host star magnetism is a key step towards understanding how stellar activity affects exoplanets.
The host star magnetism can have effects on planetary mass-loss [3, 4] , habitability [5, 6] , and on the magnetospheres of exoplanets [7] , to name a few. It has also been suggested that exoplanets, in particular those orbiting close to the star, can also affect stellar activity, through tidal interactions and/or magnetic reconnection events [8] [9] [10] [11] [12] .
In this article, I present a brief review of stellar surface magnetism (Section 2) and some proposed effects that exoplanets might have on the activity of their host stars (Section 3).
Stellar surface magnetism: brief overview of latest results
Magnetic fields are responsible for driving the winds of cool, main-sequence stars. These outflows carry away angular momentum from the star, slowing down its rotation. Since rotation is intimately related to the generation of stellar magnetic fields, with age, stars spin down and the magnetic fields they generate decrease in magnitude [13] .
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One way to map surface magnetism is through the tomographic imaging technique Zeeman Doppler imaging (ZDI) [14] . This technique has now successfully mapped the large-scale surface field of hundreds of cool, pre-mainsequence and main-sequence stars [e.g., 15]. Due to the increasing sample of stars with mapped fields, several trends are emerging [13, [15] [16] [17] [18] [19] . For example, it has been shown that the topology of surface magnetic fields depends on the internal structure, where fully convective stars present mainly poloidal fields [17, 18] as compared to stars that have a radiative core. This change in topology might be caused by the development of the tachocline [17, 18] .
Evolutionary speaking, magnetic fields of mainsequence stars are also observed to decrease with age t. [13] showed that the average magnetic field intensity |B| is a function of t −0.66±0.05 . This age decay has a power law consistent to the power-law of −0.5 between rotation rate Ω and age [1] : Ω ∝ t −1/2 . This similarity could be an indication that the dynamo operating inside the star is of a linear type (i.e., the magnetic field is linearly proportional to stellar rotation rate), as already suggested by [1] . Indeed, ZDI observations have revealed that, for stars with Rossby numbers Ro 0.1, the average large-scale magnetic field decays with Ro −1.38±0.14 [13] (see bottom panel in Figure 1 ). Since Rossby number is defined as Ro = 2π(Ω τ conv ) −1 , where τ conv is the convective turnover time, this relation indicates an approximately linear decay of magnetism with rotation rate. 1 A decay is also observed between magnetism and Rossby number for active evolved (single) G -K giants, albeit with a different slope: [20] showed that the line-of-sight magnetic field strength B l decays with Ro −0.68 . A recent study proposes that planet engulfment could be enhancing the magnetic field of giant stars [21] . I will return to this point in section 3. . It also shows the more traditional activity-rotation relation between X-ray emission and Rossby number (right-most panel). Each of these panels are projections of a 3D distribution of {L x /L bol , Ro, |B| } (middle panel). This figure is based on the plots presented in [13] and [22] .
Stars with Ro 0.1 are saturated, i.e., their activity does not vary with Rossby number. This saturation has been identified, for example, in the relations between L x /L bol and Ro [22] [23] [24] , where L x is the X-ray luminosity and L bol the stellar bolometric luminosity (see rightmost panel in Figure 1 ). When investigating the behaviour of stellar magnetism for a sample of saturated early-and mid-M dwarf stars, [25, 26] noticed that these stars saturated at different magnetic field strengths, whereby early-M dwarfs presented a lower saturation threshold than mid-M dwarfs (see dashed lines in the bottom panel in Figure 1) . These authors suggested that this could be caused by different dynamo efficiencies at producing small-and large-scale magnetic fields.
Since rotation is linked to magnetic field strength and X-ray emission is linked to rotation, then the immediate question we asked ourselves is how magnetic field strength can be related to X-ray emission. The left-most panel of Figure 1 shows precisely this investigation, where we note that X-ray emission increases with average magnetic field strength |B| 1.61±0. 15 . These three diagrams, illustrated in Figure 1 , are actually projections of a 3D distribution of {L x /L bol , Ro, |B| } (sketch shown in the middle panel). In fact, stellar activity is a function of many other variables, such as age and stellar mass, with the sketch presented in Figure 1 representing a cut of a multi-dimensional function.
A common characteristic of the plots regarding stellar activity are their relatively large spread. Part of this spread is due to intrinsic variability of stellar activity and not only due to observational uncertainties. The Sun, for instance, varies in magnetic field intensity and X-ray emission along its cycle (see left-most and bottom panels of Figure 1 , showing two points for the Sun, one during activity minimum and the other during maximum of activity). Other stars present, like our Sun, variations on their surface magnetic fields, some of which are associated to well-defined magnetic cycles [27] [28] [29] [30] . This medium term variability (on the order of years) acts as to increase the spread in rotation-magnetic-activity relations. Figure 2 illustrates the case of 61 Cyg A [29] . This star shows polarity reversals on the large-scale field with a period of a full magnetic cycle (i.e., two reversals) of around 7 years. The reversals are in phase with the chromospheric and coronal cycle, similar to what is observed for the Sun.
Can planets influence the activity of their host stars?
That stellar activity could affect exoplanets is not hard to imagine. After all, the Earth and the planets in the solar system regularly experience the effects of solar energetic particles interacting with their magnetospheres/atmospheres. Several works have studied the effects of the stars and their winds on their surrounding exoplanets [e.g. 7, 31-38, just to name a few]. But could the opposite also occur? Can planets influence the activity of their host stars? Motivated by the increase in chromospheric and coronal activity observed in interacting binary stars, [8] proposed that close-in giant planets (or brown dwarfs) could lead to enhancement of dynamo activity. These planet-star interactions were proposed to be of two types: magnetospheric or tidal interactions. In the first case, reconnection events between the magnetic field lines of an exoplanet and of the host star would accelerate particles that would travel along stellar magnetic field lines, interacting with the outer layers of the stellar atmosphere. This interaction would then generate enhanced heat near the magnetic field footpoints. This anomalous activity would be modulated by the orbital period of the planet, as opposed to the 'normal' stellar activity, which is modulated by the stellar rotation period. In the second case, tides raised on the star by the revolving planet would cause repeated expansion and contraction of tidal bulges, generating waves that can dissipate and deposit energy in the upper atmosphere of the star (i.e., transition region, chromosphere). Like in the first scenario, this anomalous activity increase would also be cyclic, but the modulation would take place at half orbital period.
Searches for anomalous activity have since been on going. In a series of works, [9, 39] presented evidence of anomalous activity on a few planet-hosting stars. These anomalies were modulated with the orbital period of their close-in giant planets, possibly indicating a signature of planet-star interaction. Repeated observations (at different epochs), however, failed to detect such modulations [40] , leading the authors to suggest that activity enhancement is intermittent and could depend, among others, on the configuration of the star's magnetic field. Searching for chromospheric/transition region signatures of planet-star interaction has developed into an active field of research, yielding positive (or tentatively positive) [41] [42] [43] and negative [44] [45] [46] [47] [48] detections.
In a recent work, for instance, [43] conducted X-ray observations of HD 17156, the host of an eccentric planet, and reported enhanced X-ray stellar emission a few hours after the periastron passage. This emission, happening near the closest approach of the planet where planet-star interactions are expected to be enhanced, could have been mediated by magnetic reconnection or accretion of planetary material towards the star [e.g., 49]. Following the same idea, i.e., that eccentric planets can trigger stellar activity at orbital phases near the periastron passage, [48] investigated if the activity level of HD 80606 could have been influenced by its eccentric planet. For that, they used optical spectroscopy and photometric monitoring of the star during the periastron passage and close to the apastron passage. They could not find any evidence that the stellar activity level was modified between these two observing epochs. An interpretation (the simplest one) is that this planet does not trigger activity enhancement on the star, or if does, this enhancement would be below the detection sensitivity. Another possibility is that the enhanced activity would appear with a certain phase lag outside the observing window.
If close-in exoplanets can indeed enhance stellar magnetic activity, it might also be possible to verify that in magnetic images of planet-hosting stars. Indeed, among the ZDI sample shown in Figure 1 , several of the stars are known to host close-in giant planets (i.e., hot-Jupiters). These stars are shown as yellow star symbols in Figure  1 . The close-in, massive planets are expected to cause the largest observational signature of its influence on the large-scale magnetic field of the host star. In terms of magnetic characteristics (topology and intensity), however, there has not been any measurable difference between the hot-Jupiter hosts and the remaining stars of the sample [13, 50, 51] . In other words, the yellow star symbols shown in Figure 1 do not seem to occupy a particular position in these diagrams with respect to other symbols in these plots (i.e., the stars not known to host hot Jupiters).
Another possibility is that the interaction between a close-in planet and the host star might be able to affect stellar cycles. The famous planet-host star τ Boo, has been monitored with ZDI for about a decade [27, 28, 30, 50, 52] . This star shows flips in magnetic field polarity every year, making it the star with the shortest full (2 years) magnetic cycle mapped with ZDI. Since τ Boo is a F7V star, its convective envelope is quite thin and it is estimated to have a mass similar to that of the hot Jupiter. The idea is that, through tidal interactions, the planet and the stellar con- vective envelope would have been synchronised, but the interior radiative core of the star would still be rotating at a different rate. The shear created by different rotation rates between the radiative interior and the convective envelope could be the cause of the short magnetic cycle. According to this interpretation, the planet would have indirectly contributed to altering the generation of magnetic fields in the star. An alternative interpretation involves the high level of surface differential rotation derived in ZDI studies [28] .
In a series of works, [12, 21, 53] proposed that planets (initially at large separations) could be engulfed by stars, when their hosts evolve off of the main sequence. With the expansion of the stars at the red giant branch, tidal interactions between a Jupiter-like planet and the star trigger planetary migration, leading the planet to eventually be engulfed by the star. During the migration process, orbital angular momentum are transferred to stellar spin. Therefore, these red giant branch stars would present higher rotation rates, which could not be explained by any reasonable model for single star evolution [12, 53] . From the observational sample of [54] , [12, 21, 53] identified some fast rotating red giants that are candidates of having engulfed their planets in a recent past. Since rotation and magnetic fields are closely related [20] , [21] then further proposed, that these fast rotating red giants would also show a higher magnetic field. This idea can, of course, be directly tested with spectropolarimetric observations.
Summary and Conclusions
This article was based on the talk I presented at the conference "Seismology of the Sun and the Distant Stars 2016" on the topic of "stellar-planet activity". First, I would like to remind the reader that the material I presented during my talk, and that was described in this article, is far from a comprehensive overview of the theme. I hope I could provide some starting references for an interested reader to proceed on their own.
In particular, I had the (hard) task to discuss synergies between "stellar-planet activity" and asteroseismology. The first immediate synergy one can identify is on the relation between the internal structure of stars (probed with asteroseismology) and the global properties of stellar magnetic fields (probed in ZDI studies, Section 2). In the second part of my talk, I focused on how exoplanets might or not enhance stellar magnetic activity. I showed that, although there is some evidence that planets can trigger magnetic activity on their host stars, this evidence seems to be intermittent, making it more difficult to precise the nature of the planet-star interaction. In fact, there is an ongoing debate in the community regarding the detectability of the signature of planet-star interaction. Would there be a way that asteroseismology could contribute to this debate?
